Background--Guidelines recommend continuation or initiation of guideline-directed medical therapy, including angiotensinconverting enzyme inhibitors/angiotensin II receptor blockers (ACEi/ARB), in hospitalized patients with heart failure with reduced ejection fraction.
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Angiotensin-converting enzyme inhibitors (ACEi) and angiotensin II receptor blockers (ARB) have been shown in multiple large clinical trials to improve symptoms, reduce hospitalizations, and improve survival in patients with HF with reduced ejection fraction (HFrEF). [3] [4] [5] [6] [7] The American College of Cardiology (ACC)/American Heart Association (AHA) clinical guidelines make it a Class I, Level A recommendation to use ACEi/ARB therapy in patients with HFrEF both to "prevent symptomatic heart failure" and to "reduce morbidity and mortality." 8 In addition, the ACC/AHA HF Performance
Measures recommend ACEi/ARB for outpatients with HFrEF and ACEi/ARB therapy at the time of hospital discharge for inpatients with HFrEF. 9 These clinical guidelines and quality metrics, along with their associated incentives, have led to significant improvements in the rates of ACEi/ARB use over time.
Continuation of b-blocker therapy at the time of hospital discharge has been shown to reduce both readmission and mortality rates after ADHF admissions. [10] [11] [12] The impact of continuing or discontinuing ACEi/ARB after ADHF hospitalization has not been as well studied. This study aims to define the relationship between the continuation or withdrawal of ACEi/ARB therapy and the outcomes of patients with HFrEF hospitalized for ADHF.
Methods Data Source
Data for this analysis are from the Get With The Guidelines Heart Failure (GWTG-HF) registry linked with Medicare inpatient data. Medicare Part A (inpatient) claims and the associated denominator file from January 1, 2005, through December 31, 2013 were linked with data from the GWTG-HF registry using previously described methods and indirect identifiers. 13 Standardized data collection variables and methods for GWTG-HF have been previously described as well. 14 GWTG-HF is a hospital-based, voluntary data collection and quality improvement initiative that began in 2005. Participating hospitals submit clinical information regarding in-hospital care and outcomes of consecutive patients hospitalized for ADHF using an online Patient Management Tool (Outcome Sciences, Inc, Cambridge, MA). Linkage of GWTG-HF data with Medicare claims data allows for both short-and long-term mortality and readmission assessment.
Study Population
Patients were eligible to be included if they had a diagnosis of HF based on their GWTG records and if their GWTG record could be linked with Medicare claims. To ensure high-quality data, we excluded patients from hospitals with ≥25% missing data for past medical history. This left us with a starting population of 130 155 patients from 339 hospitals. The complete study population derivation algorithm is provided in Figure S1 . We excluded patients with ejection fractions that were missing or >40% (N=79 986) and patients with contraindications to ACEi/ARB therapy (N=13 268, contraindication frequencies listed in Table S1 ) or patients who had missing ACEi/ARB contraindication data (N=13 379). We also excluded patients who were started on inotropes, transplanted, discharged to hospice, placed on comfort measures only, died during admission, left against medical advice, were transferred to another short-term hospital, or who were not enrolled in Medicare fee-for-service. If multiple hospitalizations existed for a patient, the first hospitalization was selected as the index hospitalization. The remaining population of 16 052 was used for all analyses.
Primary Measures and Definitions
Among those eligible for the study and without a contradiction to ACEi/ARB therapy, we created and defined 4 patient groups for comparison: patients on ACEi/ARB at admission and discharge (continued), those not on ACEi/ARB at admission but who were discharged on ACEi/ARB (started), those on ACEi/ARB at admission but not at discharge (discontinued), and those not on ACEi/ARB at admission or discharge (not started).
The primary endpoint of this study was the difference in allcause mortality at 30 days between those who continued versus discontinued ACEi/ARB at the time of discharge. Secondary endpoints included differences between those who continued and those who discontinued ACEi/ARB therapy in 90-day and 1-year mortality rates and differences in 30-day, 90-day and 1-year readmission rates. Tertiary endpoints include differences between those who continued and those who discontinued ACEi/ARB therapy in rates of the composite endpoint of all-cause death and all-cause readmission at 30 days, 90 days, and 1 year.
All participating institutions are required to comply with local regulatory and privacy guidelines and to submit the GWTG protocol for review and approval by their institutional review board. Because data are used mainly at the local site for quality improvement, sites were granted a waiver of informed consent under the common rule. The Duke Clinical Research Institute served as the primary analytic center for the aggregate de-identified data. The Duke University Institutional Review Board approved the study.
Statistical Analysis
Patient characteristics and hospital characteristics are described by meanAEstandard deviation for normally distributed data and or median and 25th and 75th percentiles for non-normally distributed data. Categorical variables are described using percentages. Categorical variables are compared using a chi-squared test, and continuous variables are compared using the Kruskal-Wallis test. A multivariable Cox proportional hazard model was constructed to assess whether there were differences in clinical outcomes (30-day, 90-day, and 1-year mortality, readmission, and composite endpoints) among the ACEi/ARB groups (continued, started, discontinued, not started). Patients continued on ACEi/ARB are the reference group for all hazard ratio assessments unless otherwise specified. The covariates adjusted for in the model are specified in Table S2 , and a sensitivity analysis using discharge vital signs and laboratory values is displayed in Table S3 and confirms the study's main findings. Robust standard errors are estimated in Cox models to account for the clustering of patients within hospitals. For readmission outcomes, the FineGray model 15 was used to account for the competing risk of mortality. Formal tests and graphical methods (cumulative instance plots and plots of residuals vs time) were used to assess the proportional hazards assumptions in Cox and FineGray models. There was no major violation detected from the data. All P-values are 2-sided, with values less than 0.05 considered statistically significant. All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC).
Results

Baseline Characteristics
The baseline patient characteristics of the 16 052 patients included in this study are displayed in Table 1 . The average age was 78.3 years, 42% were women, and 78% were white. The median ejection fraction was 26% (interquartile range 20% to 33%). A total of 14 535 (90.5%) of patients were discharged on ACEi/ARB. There were 9572 (59.6%) continued on ACEi/ ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BNP, B-type natriuretic peptide; bpm, beats per minute; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; GWTG, Get With the Guidelines; HF, heart failure; ICD, implantable cardiac defibrillator; NT-proBNP, N-terminal prohormone BNP; PVD, peripheral vascular disease. *Ischemic heart disease: a history of myocardial infarction, coronary artery disease, percutaneous coronary intervention or coronary artery bypass grafting. † Ejection fraction: defined as original variable (%) when present or, if categorized only, imputed to 30% if described as moderate/severe or 50% if described as mild/moderate. ‡ Labs at admission and discharge are displayed as median with interquartile ranges. There is a high rate of missing data among some variables: admission BNP 37.2% missing, admission NT-proBNP 88.1% missing, and admission creatinine 11.6% missing; discharge BNP 67.8% missing, discharge NT-proBNP 97.1% missing, and discharge creatinine 24.6% missing. § Chronic kidney disease (CKD) stage IV or V: defined as eGFR <30 mL/(minÁ1.73 m 2 ).
k Worsening renal function: defined as a rise of ≥0.3 mg/dL in serum creatinine between admission and discharge.
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Journal of the American Heart Association ARB, 4963 (30.9%) newly started on ACEi/ARB, 308 (1.9%) discontinued from ACEi/ARB, and 1209 (7.5%) not started. Although there was a higher rate of hypotension (defined as systolic blood pressure <90 mm Hg) at admission among those discontinued or not started on ACEi/ARB, there was no difference in the rate of hypotension at discharge. Those discontinued or not started on ACEi/ARB did have higher rates of renal dysfunction as evidenced by higher rates of creatinine >2 mg/dL, potassium >5 mg/dL, rates of chronic kidney disease stage IV and V, and lower estimated glomerular filtration rates. There was no difference in the rate of hyperkalemia. Hospital characteristics are displayed in Table 2 . The rates of in-hospital procedures were low and are presented in Table S4 . The rates of conformity with hospital performance measures were lower among patients discontinued or not started on ACEi/ARB. In addition to lower rates of b-blocker and ACEi/ARB prescription at discharge, those discontinued or not started on ACEi/ARB also had lower rates of being provided discharge instructions, smoking cessation counseling, timely follow-up appointments, and ICD counseling.
Mortality
The unadjusted results for 30-day, 90-day, and 1-year mortality, readmission, and composite mortality or readmission rates are displayed in Table 3 . The adjusted hazard ratios (HR adj ) and corresponding 95% CI from the multivariate Cox proportional hazard model are displayed in Table 4 .
The unadjusted 30-and 90-day mortality rates were higher among those who discontinued or did not start ACEi/ARB therapy, compared to those who continued or started therapy. After adjustment, the HR adj for 30-day mortality among patients who discontinued ACEi/ARB was 1.92 (95% CI 1.32, 2.81; P<0.001) compared to patients continued on therapy. Among those not started on therapy, it was 1.50 (95% CI 1.12, 2.06; P=0.006). By 1 year, patients discontinued from ACEi/ ARB had an HR adj of 1.35 (95% CI 1.13, 1.61; P=0.001), and those not started on ACEi/ARB had an HR adj of 1.28 (95% CI 1.14, 1.43; P<0.001). Estimates for 1-year mortality are displayed in Figure - In addition, although it did not reach statistical significance, we observed a trend toward increased mortality at 30 and 90 days among those who discontinued compared with those not started on ACEi/ARB (Table S5 ). In addition, there was a slight mortality advantage for those who continued on ACEi/ARB compared with those started on therapy at the time of discharge.
Readmission
The unadjusted 30-day, 90-day, and 1-year readmission rates were higher in patients discontinued or not started on ACEi/ARB therapy compared with patients who continued or started on ACEi/ARB. After adjustment, the HR adj for 30-day readmission was 1.40 (95% CI 1.16, 1.71, P<0.001) among those who discontinued and 1.14 (95% CI 1.01, 1.29, P=0.038) among those who did not start ACEi/ARB. There was no difference in 30-day readmission rates between those who continued and those who started ACEi/ARB therapy. By 90 days, after adjustment, there was no difference in readmission rates between the groups. Estimates for 1-year readmission are displayed in Figure - panel B.
Composite Endpoint (Mortality or Readmission)
Similar to mortality and readmission rates, the unadjusted 30-day, 90-day, and 1-year composite endpoint of mortality and readmission was higher among those discontinued or not started on ACEi/ARB, compared with patients who continued or started on therapy. As observed with mortality, patients who were continued or started on ACEi/ARB had lower 30-and 90-day composite endpoint rates. By 1 year, those who were not started on ACEi/ARB had higher rates of the composite endpoint compared to patients continued on ACEi/ ARB, and there was a trend toward higher rates among those discontinued from ACEi/ARB. Estimates for 1-year composite endpoint rates are displayed in Figure - 
Discussion
In this study of 16 052 patients with HFrEF admitted for ADHF, we found that discontinuation of ACEi/ARB at the time of hospital discharge was associated with higher 30-day, 90-day, and 1-year mortality compared with continuation of ACEi/ARB among eligible patients. We also found that continuation or initiation of ACEi/ARB was associated with lower 30-and 90-day readmission and composite endpoint rates. Patients who had ACEi/ARB discontinued during hospitalization had the highest rates of mortality and readmission. These findings are consistent with prior cardiovascular work demonstrating improved outcomes with greater adherence to clinical guidelines. The REACH investigators examined 37 154 outpatients diagnosed with atherothrombotic disease and found that nonadherence was associated with an increased risk of cardiovascular death, myocardial infarction, or stroke. 16 In this study we similarly found improved outcomes for patients when clinicians adhered closely to guidelines and continued or initiated ACEi/ARB therapy. Compared to some prior studies, we found higher rates of ACEi/ARB prescription at discharge, 90.6%. [17] [18] [19] This rate, however, is consistent with a prior GWTG-HF study. 20 The high rates of ACEi/ARB prescription in this study may reflect the impact of including ACEi/ARB as a performance measure 9, 21 and the results of quality improvement efforts made during this time (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . The percentage may also be high due to selection bias, and hospitals that choose to participate in GWTG may be different from those that do not. This study confirms and extends prior work regarding patterns of guideline-directed medical therapy use and outcomes in HF patients. Data from Tran et al using the Atherosclerosis Risk in Communities Study found that the initiation or cessation of guideline-directed medical therapy for HF occurs in roughly 12% of hospitalized patients and that cessation of guideline-directed medical therapy was associated with higher mortality rates. 22 Our work is also consistent with prior work analyzing continuation versus withdrawal of bblocker therapy. Data from the OPTIMIZE-HF study found a significant benefit (HR 0.60, 95% CI 0.37, 0.99) for all-cause mortality at 60 to 90 days associated with b-blocker continuation at the time of discharge among HFrEF patients.
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This study also confirms and extends prior work regarding ACEi/ARB use patterns. Data from over 17 000 patients enrolled in the National Health Care Project found that a discharge prescription for ACEi/ARB was associated with a 17% relative reduction in mortality (RR 0.83, 95% CI 0.79, 0.88). 19 Work by Sanam et al analyzing 1384 Medicare beneficiaries in Alabama found lower 30-day and 1-year readmission and mortality rates among patients with HF discharged on ACEi/ARB. 23 In contrast to prior work this study separated patients not discharged on ACEi/ARB into discontinued and not started categories and separated patients discharged on ACEi/ARB into continued and newly started categories. By doing this we were able to observe a trend toward increased mortality at 30 and 90 days among those discontinued from ACEi/ARB, compared with those not started on ACEi/ARB. This trend may merit further investigation. We also observed a mortality advantage for those who continued on ACEi/ARB compared with those started on therapy at discharge.
Based on the results of this study, additional work adequately powered to determine if there is indeed a true disadvantage to discontinuing versus not starting therapy or if there is a true advantage to continuing versus starting therapy, should be considered. In addition, using a different data set, exploring the clinical reasons underlying the decision not to follow clinical guidelines and whether these reasons affect clinical outcomes would be very helpful.
Limitations
Certain limitations should be considered when interpreting the results of this study. First, because of the retrospective design of this study, we are unable to make any comments on causation. This study reports associations only. Because the data come from a registry, many patients were excluded because of missing data. These results should therefore only be applied to patients meeting the study's inclusion/exclusion criteria. However, to address concern regarding excluded patients, we compared baseline characteristics of the study population and those excluded due to missing data. The results are displayed in Table S6 . Although their interpretation is limited by a high rate of missing data in the excluded group, the only notable differences are a higher rate of prior HF diagnosis, higher number of prior HF hospitalizations, and higher B-type natriuretic peptide and N-terminal prohormone B-type natriuretic peptide in the excluded group.
Although we have adjusted for many relevant clinical characteristics, it is possible that some of the associations we observe are due to unmeasured or residual confounding. We are also unable to track patient adherence, a powerful predictor of cardiovascular outcomes in a registry such as this. 24 Prior studies of HF patients have demonstrated that patients discharged on ACEi/ARB therapy have relatively high persistence rates, whereas those discharged not on therapy have low rates of outpatient initiation. 25 Finally, these findings are from hospitals participating in GWTG and may not necessarily generalize to other settings and populations.
Conclusions
In this large, multicenter cohort of 16 052 patients with HFrEF, we found that continuation or initiation of ACEi/ARB at the time of discharge after admission for ADHF was associated with lower 30-day, 90-day, and 1-year mortality rates. In addition, patients who continued or initiated ACEi/ ARB therapy had lower readmission rates at 30 and 90 days compared with those who discontinued or did not start therapy. Additional research to better understand the determinants of guideline adherence and ACEi/ARB initiation and discontinuation may be warranted. Past Medical History Atrial fibrillation/flutter, diabetes, hyperlipidemia, hypertension, history of an implantable defibrillator, cardiac resynchronization therapy, ischemic heart disease (defined as a history of: coronary artery disease, myocardial infarction, percutaneous coronary intervention or coronary artery bypass grafting), number of heart failure hospitalizations during prior year, renal insufficiency, anemia, peripheral vascular disease, depression, chronic obstructive pulmonary disease, prior diagnosis of heart failure, number of heart failure hospitalizations in the prior year, dialysis, stroke, valvular heart disease, smoking status and admission weight
Vital Signs
Admission heart rate, systolic blood pressure and respiratory rate
Laboratory Values
Admission sodium, hemoglobin, creatinine, blood urea nitrogen, and estimated glomerular filtration rate, discharge potassium
Heart Failure Characteristics
Ejection fraction (treated as continuous if available, documented moderate/severe dysfunction set to 30% and normal/mild dysfunction set to 50%) and discharge on a beta blocker
In-Hospital Procedures
Cardiac catheterization with or without revascularization, cardiac surgery, mechanical ventilation, dialysis/ultrafiltration and cardioversion
Hospital Characteristics
Teaching status, number of beds, region, rural location and capability of performing percutaneous coronary intervention, cardiac surgery or cardiac transplantation 
